Metal@semiconductor core/shell hybrid nanostructures with well-defined morphology and a hetero-interface are important both from the point of view of fundamental property investigations and device applications. [1] [2] [3] [4] Cation exchange (CE) reactions have been widely utilized as an effective strategy to produce hybrid colloidal semiconductor nanocrystals (NCs) with well-controlled composition and morphologies. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Morphology retention, a precisely defined interface and regioselectivity are important points in the synthesis of hybrid nanostructures. [10] [11] [17] [18] Many previously published CE approaches utilized organic solution phase reactions to produce alloy/doped NCs, [9, 13] core/shell [1, [14] [15] and Janus-like heterostructures. [4, [10] [11] 16 ] Based on the mentioned advantages, CE has been widely applied on the synthesis of NCs for photodetector applications. [8] [9] [10] Alongside organic CE mthods, aqueous solution-based CE reactions, form an equally important strategy for NC synthesis, and have also been widely reported. [19] [20] [21] Aqueous cation exchange (ACE) reactions can be more environmentally friendly and cost effective compared with some organic routes and are of course more suited to cases involving hydrophilic NC surfaces and interfaces. [22] [23] [24] [25] Telluride based NCs have attracted a great deal of attention for their potential applications in quantum devices, [26] [27] [28] [29] sensing [30] [31] and thermoelectric devices. [32] [33] In particular, CdTe, HgTe as well as Hg x Cd 1-x Te NCs with narrow band gaps are considered as promising candidates for optoelectronic and particularly infrared photodetector materials. [13, [34] [35] [36] [37] [38] Compared to well-studied application of isotropic semiconductor QDs or NCs on optoelectronic devices, rod-like structure materials may exhibite extrodinary optical properties due to the polarized properties. [39] [40] Reagent. Other chemicals were purchased from Beijing Chemical works. All reagents were used directly without further purification.
Synthesis of Au@Ag 2 Te NRs
Au@Ag NRs were prepared following our previous work. [15] The solution was aged at 25 °C for 0.5 h, followed by washing with deionized water.
The resulting product was collected by centrifugation at 8000 r/min for 10 min, and re-dispersed in deionized water.
31 P NMR characterization
The chosen transition metal salts were dissolved in deuterated methanol (CD 3 OD) with phosphine. As an example, 0.2 mmol AgNO 3 was dissolved in 5 mL of CD 3 OD.
After several seconds sonication to ensure complete dissolution, 550 µl of the solution were pipetted out, placed into a NMR tube, and mixed with 20 µl of TBP.
Device Fabrication
Graphite (Kish) was bought from Covalent Material Corp., Japan. The graphene flakes were mechanically exfoliated onto a silicon substrate with a 300 nm SiO 2 layer.
A copper TEM grid was used as the shadow mask. Electrodes were sputtered with Au 
Photocurrent Measurements
All the measurements were conducted at room temperature in ambient atmosphere using a Keithley 4200-SCS semiconductor parameter analyzer. A pulsed laser (EXR-4, NKT, Denmark, output wavelength from 540 to 2400 nm) was used as the light source with a light spot radius of about 2 mm. Laser wavelength and power attenuation was controlled by series of various filters such as bandpass filters from 550 to 1300 nm (FKB-VIS-10 and FKB-IR-10, Thorlabs Inc., USA), neutral density filters (GCC-301041, GCC-301061, and GCC-301071, Daheng Optics, China;
NENIR10A, NENIR20A, and NENIR30A, Thorlabs Inc., USA). A power meter (PM100A, Thorlabs Inc., USA) was used to measure laser power by selecting a suitable sensor according to the wavelength ranges.
Structural Characterization
XRD patterns were collected using a Bruker D8 X-ray diffractometer (scan rate 6°/min). TEM images were collected using a HITACHI H-7650 transmission electron microscope operating at 80 kV. HRTEM images were collected using a FEI Tecnai In support of this observation, the XRD ( Figure S5c) shows none of the characteristic peaks for CdTe. Even using a higher reaction temperature of 80 °C, the XRD ( Figure   S5c ) indicates a mixture of cubic Ag 3 AuTe 2 and hexagonal CdTe with poor crystallinity.
We then mediated the CE kinetics by using TBP has been reported that ion exchange could enable the miscibility of Au in Ag-X (X=S, Se, Te) system, which is mainly due to the strong affinity and higher bond energy between Au and X. [56] [57] As a result, due to the driving force of CE, the localized CE reaction at the shell surface breaks the balance of Ag + and Te 2- , which causes Au atoms from the core to diffuse into the shell; this leads to formation of a highly crystalline Ag 3 AuTe 2 shell (Figure 3a ). For our system, this phenomenon couldn't be initiated without the introduction of trace amount of Cd 2+ ( Figure S6 ).
We tested some other transition metal ions, such as Zn 2+ and Pb 2+ , for their ability to perform the same kind of process, and found out that these two cations cannot perform as efficiently as Cd 2+ , which may be related to the different coordination ability of Cd 2+ -phosphines and Ag + -phosphines. [1, 7] To support this assumption, and to make comparison to other cations, nuclear magnetic resonance (NMR) was applied to study the coordination abilities of TBP to different cations. The 
Conclusions
In summary, we put forwarded the synthesis of Au@Hg 
